The assignment of carbon monoxide association rate constants to the alpha and beta subunits in native and mutant human deoxyhemoglobin tetramers.
The association kinetics of CO binding to site-directed mutants of human deoxyhemoglobin were measured by stopped-flow rapid mixing techniques at pH 7.0, 20 degrees C. Hemoglobin tetramers were constructed from one set of native subunits and one set of mutated partners containing His(E7) to Gly, Val(E11) to Ala, or Val(E11) to Ile substitutions. The reactivity of beta Cys93 with p-hydroxymercuribenzoate was measured to ensure that the mutant deoxyhemoglobins were capable of forming T-state quaternary conformations. Time courses for the complete binding of CO were measured by mixing the deoxygenated proteins with a 5-fold excess of ligand in the absence and presence of inositol hexaphosphate. Association rate constants for the individual alpha and beta subunits in the T-state conformation were assigned by measuring time courses for the reaction of a small, limiting amount of CO with a 20-fold excess of deoxyhemoglobin (i.e. Hb4 + CO----Hb4(CO)). The effects of the E7 and E11 mutations in T-state alpha subunits were qualitatively similar to those observed for the same subunit in the R-state (Mathews, A.J., Rohlfs, R.J., Olson, J.S., Tame, J., Renaud, J-P., and Nagai, K. (1989) J. Biol. Chem. 264, 16573-16583). The alpha His58(E7) to Gly and Val62(E11) to Ala substitutions caused 80- and 3-fold increases, respectively, in k'CO for T-state alpha subunits, and the alpha Val62(E11) to Ile mutation caused a 3-fold decrease. The beta His63(E7) to Gly and Val67(E11) to Ala substitutions produced 70- and 8-fold increases, respectively, in k'CO for T-state beta subunits whereas these same mutations caused little effect on the rate of CO binding to R-state beta subunits. The beta Val67(E11) to Ile mutation produced the same large effect, a 23-fold reduction in k'CO, in both quaternary conformations of beta subunits. These kinetic results can be interpreted qualitatively in terms of differences between the alpha and beta subunits in the deoxy and liganded crystal structures of human hemoglobin (Perutz, M.F. (1990) Annu. Rev. Physiol. 52, 1-25). Both the structural and functional data suggest that the distal portion of the beta heme pocket is tightly packed in deoxyhemoglobin whereas the CO binding site in R-state beta subunits is much more open. In contrast, the distal portion of the alpha heme pocket is restricted sterically in both quaternary states.(ABSTRACT TRUNCATED AT 400 WORDS)